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(57) ABSTRACT

An 1mage reading device reads out an 1image of a document
being conveyed above one main surface of a contact glass,
changes a document reading position 1f the image has an
abnormality, and gives a warning 11 the changed document
reading position 1s located at a predetermined reference posi-
tion. The 1mage reading device has a setting portion for
changing the reference position 1n accordance with the num-
ber of documents that have passed the document reading
position during the time when no abnormality in 1mages 1s
obtained by reading the documents.

4 Claims, 10 Drawing Sheets
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FIG. 1
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FIG. 5

START ABNORMALITY DETECTING OPERATION

. S31
INITIAL SETTING IN ACCORDANCE WITH SHEET SIZE

S32

READING OUT IMAGE OF ONE DOCUMENT

S33

OBTAIN MAXIMUM DENSITY AND POSITION IN LINE A,
AND MAXIMUM DENSITY AND POSITION IN LINE B

S34
IS MAXIMUM
DENSITY IN EACH LINE EQUAL TO OR
HIGHER THAN FIRST PREDETERMINED
DENSITY D1?

NO

YES

S35
IS ABSOLUTE
VALUE OF DIFFERENCE BETWEEN
NEWEST POSITION DETERMINED TO BE
LINEAR ABNORMAL IMAGE AND MAXIMUM DENSITY NO
POSITION IN LINE A EQUAL TO OR
SMALLER THAN FIRST PREDETERMINED
RANGE W17

YES

S36

IS ABSOLUTE
VALUE OF DIFFERENCE BETWEEN
MAXIMUM DENSITY POSITION IN LINE A
AND MAXIMUM DENSITY POSITION IN LINE B EQUAL
' TO OR SMALLER THAN SECOND
PREDETERMINED RANGE W2?

YES

S37
READ IMAGE WITHOUT DOCUMENT
(READ IMAGE OF REFERENCE PLATE)

A &
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FIG. 6
A (B,
S38

OBTAIN MAXIMUM DENSITY AND POSITION
OF LINE READ WITHOUT DOCUMENT

S39
IS MAXIMUM DENSITY
IN LINE READ WITHOUT DOCUMENT
EQUAL TO OR HIGHER THAN SECOND

PREDETERMINED
VALUE D27

NO

S40

IS ABSOLUTE VALUE OF
DIFFERENCE BETWEEN MAXIMUM DENSITY
POSITION IN LINE A AND MAXIMUM DENSITY
POSITION IN LINE READ WITHOUT DOCUMENT
EQUAL TO OR SMALLER THAN THIRD
PREDETERMINED RANGE W37

YES

S41
IS ABSOLUTE VALUE
OF DIFFERENCE BETWEEN MAXIMUM
NO DENSITY IN LINE A AND MAXIMUM DENSITY

IN LINE READ WITHOUT DOCUMENT EQUAL
TO OR SMALLER THAN THIRD

PREDETERMINED
DENSITY D3?

YES

ABNORMALITY DETECTED
(PROCEED TO DOCUMENT
READING POSITION MOVING
OPERATION)

NO ABNORMALITY
DETECTED
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FIG. 7

LINE A

DOCUMENT CONVEYING DIRECTION

LINE B



U.S. Patent Dec. 8, 2009 Sheet 8 of 10 US 7,630,102 B2

FIG. 8
LLI
O
<
=)
e}
3%
u_D
OQ&  Yth|-frommmme e
> (D2)
=O
3o G
= :
- |
O :

XG MAIN SCANNING

DIRECTION X



US 7,630,102 B2

Sheet 9 of 10

8, 2009

Dec.

U.S. Patent

NOLLISOd dWOH 48 O1 SdWIL
OUNIAOW NOILISOd ONIJV3Y
INJNNO0Q O1 DNIANOLSIHH0D

NOLLISOd ONIQY3H INJWNOOQJ L3S

H3LNNOD Ad0D 1Syl ¥v310

£9S
SINIL ONIAOW NOLLISOd JIAWNN n_mw_w_xmm._.m_om_z.
ONIQV3H INJANOOQd dN MOvE 5N ANOD3IS 01 IYNDI HILNNOD
995 AdOO 15414 S

83
NOLLISOd TVLLINI NOLLISOd 1X3N
01 NOLLISOd INIQV3 01 NOLLISOd YNIGY3d H31INNOD AJOD
INJWNO0A JAON INJNNOO0A JAONW 1SHI4 INFWIHONI

G9S

S4ANLL ONIAOW
NOLLISOd ONIQVY3d

SANLL ONIAOI
NOLLISOd ONIQY3d
1NJANNI0A LNJWIHONI

¢6SN 438NN
JINIWYI13034d ANOD3S NVH
S31d0 01 1vN03 H3INNOD
AdO0O 1544 Sl

INJWNO0A dvd10
V98 c9S

NOLLISOd JNOH 18 01 SJNIL
ONIAOW NOLLISOd DNI(Y3Y

INJANJ0Ad 0L ONIONOJSIHHOO
NOILLISOd ONIAY3d INFANNDOA 13S

68S

(ESN
38NN AININGT14034d
YIHL Ol TvNOd 441NNOD

AdOO 1Sdld SI N
885

d31NNOD AdOD
15414 INJW3HONI

JASES

¢ESN 38NN
J4NINY31303dd QUIHL NYH
SS37HO 01 1YND3 Y3LNNOD
Ad0D 184l Sl

ON

28S 98S
¢NOLLISOd _ ,
ONIQYIY LNIWND0QA ¢ |SN HIGNNN
40 Y3GWNN NYHL ¥4I TIVINS ¥O JINIWY3LIARY LSl
ON 0L YN SIWLL DNIAOW NOLLISOd STA s3A ~~NVHL 553740 01 1VNO3 43INNOY_—gN
ONIQY3Y INIWND0A S Ad0?D ANOD3S S!

¢(4104140

19S
ATTYIWHONBY SI

S3dA ON

09S
NOLLYH3d0 ONLLLIS NOLLISOd ONIdV3d INJWNNO0A 1dVLS

185

6 Ol



U.S. Patent Dec. 8, 2009 Sheet 10 of 10 US 7,630,102 B2

FIG. 10
O O

S68

IS DOCUMENT READING
POSITION CORRESPONDING

TO DOCUMENT READING POSITION
MOVING TIMES HOME
POSITION?

YES 369
TURN ON GUIDANCE FLAG
S70
CLEAR SECOND COPY COUNTER

S71
INCREMENT SECOND COPY COUNTER

S72
IS SECOND COPY
COUNTER EQUAL TO OR GREATER
JHAN FOURTH PREDETERMINED
NUMBER NS4?

NO

NO

YES 573
TURN ON GUIDANCE FLAG
S74
CLEAR FIRST AND SECOND COPY
COUNTERS

TERMINATE DOCUMENT READING
POSITION SETTING OPERATION
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1
IMAGE READING DEVICE AND METHOD

BACKGROUND OF THE INVENTION

1. Filed of the Invention

The present invention relates to an 1mage reading device
and an 1mage reading method of so called sheet-through type
of conveying a subject document above one main surface of a
transparent plate and reading an image of the document from
other main surface side of the transparent plate.

2. Description of the Related Art

When an image of a document 1s read out by using an
image reading device of a sheet-through type and printed with
a printer or 1s taken 1nto a computer such as a personal com-
puter to be displayed on a display, there are some cases where
a linear abnormal 1mage appears on an 1mage along a sub-
scanning direction. This 1s normally caused by foreign sub-
stances such as dirt, dusts or paper powders adhered to a
contact glass of an 1mage reading device, or scars left on a
contact glass. Such linear abnormal image appears on a white
background portion as a black line or on an 1image portion as
a white line, and 1s visually eye-catching. For an image device
which 1s desired to obtain image data truly reflecting a docu-
ment, 1t 1s desired to remove such linear abnormal 1image.

Technologies to suppress generating of such linear image
are disclosed, for example, 1n Japanese Unexamined Patent
Publication Nos. 2000-196814 and 2000-310820, respec-
tively.

In the technology disclosed 1n the Japanese Unexamined
Patent Publication No. 2000-196814, a reference plate
arranged extendingly 1n a main scanning direction 1s read out
at a document reading position before a document 1s read out.
Then, 1t 1s determined whether or not an abnormal 1mage 1s
included in the obtained 1mage of the reference plate. If an
abnormal 1mage 1s included, a document reading position 1s
moved a predetermined distance along a sub-scanning direc-
tion. Further, 11 an abnormal image 1s identified again at a new
document reading position, a document reading position 1s
turther changed. The technology disclosed 1n the Japanese
Unexamined Patent Publication No. 2000-196814 suppresses
appearing of a linear abnormal 1mage of a document read out
in such manner.

Further, in the technology disclosed in the Japanese Unex-
amined Patent Publication No. 2000-310820, at first, a docu-
ment 1s read out, and 1t 1s determined whether or not there 1s
included in the final line of a document an 1mage having a
width within a predetermined range and a density equal to or
higher than a predetermined density. Secondly, when 1t 1s
determined that such 1image 1s included, a reference plate 1s
read out. Then, 1t 1s determined whether or not an image of the
reference plate at the position of the above-described image
has a density equal to or higher than the predetermined den-
sity. Thirdly, when it 1s determined that the image has a
density which 1s equal to or higher than a predetermined
density, 1t 1s determined whether or not an average density of
images on opposite sides of the above-described position 1s
equal to or higher than a predetermined density. Then, when
it 1s determined that the average density 1s equal to or higher
than the predetermined density according to the determina-
tion, 1t 1s determined that the 1image 1s an abnormal 1mage.
Further, if an abnormal image 1s identified again at a new
document reading position, a document reading position 1s
turther changed.

Further, 1n the technology disclosed 1n the Japanese Unex-
amined Patent Publication No. 2000-310820, at first, a docu-
ment 18 read out, and 1t 1s determined whether or not a differ-
ence between respective maximum density positions 1n the
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2

first line and final line of the document 1s within a predeter-
mined range. Secondly, when the difference 1s within the
predetermined range, it 1s determined whether or not the
maximum density in the final line 1s equal to or higher than a
predetermined density. Thirdly, when the maximum density
1s equal to or higher than the predetermined density according
to the determination, the reference plate 1s read out, and 1t 1s
determined whether or not the maximum density of the ret-
erence plate 1s equal to or higher than a predetermined den-
sity. Fourthly, when the maximum density i1s equal to or
higher than the predetermined density according to the deter-
mination, 1t 1s determined whether or not a dilference
between the maximum density position in the final line read
out in the first step and the maximum density position of the
reference plate 1s within a predetermined range. Then, when
it 1s determined that the difference i1s within the predeter-
mined range, 1t 1s determined that there 1s an abnormal 1image
at the maximum density position. Further, i an abnormal
image 1s 1dentified again at a new document reading position,
a document reading position 1s further changed.

The technology disclosed 1n the Japanese Unexamined
Patent Publication No. 2000-310820 performs determina-
tions successively as described above to determine foreign
substances adhered to a reference plate and scars left on the
reference plate which are not appeared as an abnormal 1image
on actual image data, thereby improving an accuracy in deter-
mining foreign substances adhered to the contact glass and
scars left on the contact glass.

According to the disclosures of Japanese Unexamined
Patent Publication No. 2000-310820, a document reading
position 1s changed successively from the initial document
reading position to the final document reading position which
are set 1n advance at each time when an abnormal 1mage 1s
identified as described above. However, when a document
reading position reaches the final document reading position,
it 1s changed in a reversed order (from the final document
reading position to the mitial document reading position
determined in advance). At that time, a warning 1s given to a
user to notify that 1t 1s the time for maintenance.

There 1s a case where dirt, dusts, paper powders and the like
causing the above-described abnormal 1images are moved
when a document passes the document reading position, and
a linear abnormal 1mage may not be generated on an 1mage
even when it 1s determined that there 1s an abnormal image. If
the above-described warning i1s given in such a case, the
warning may likely to become obtrusive, or a user may feel 1t
burdensome if the 1mage reading device 1s of a model which
requires a user to perform an operation to cancel the warning.
Accordingly, convenience of the image reading device 1s
lowered. Further, 11 the warning 1s given 1n such a case, a user
may think that the image reading device went wrong and 1s
happened to perform an 1rrelevant operation. Especially when
an 1mage reading device reads a document which 1s likely to
generate paper powders, 1t 1s likely that such warning 1s given
frequently. Accordingly, such disadvantage 1s significant.

SUMMARY OF THE INVENTION

The present invention was worked out 1n view of the above-
described circumierence, and 1ts object is to provide an image
reading device and an 1image reading method capable of giv-
Ing appropriate warnings.

An 1mage reading device according to one aspect of the
present imvention changes a reading position along a sub-
scanning direction when an 1mage obtained by reading the
document has an abnormality, and performs a notification
when the changed document position has an abnormality. The
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image reading device comprises a setting portion for chang-
ing a set position 1n accordance with the number of docu-
ments passed through the document reading position when
the images obtained by reading the documents have no abnor-
mality. In such 1mage reading device, a notification can be
performed appropriately.

These and other objects, features and advantages of the
present invention will become more apparent upon reading of
the following detailed description along with the accompa-
nied drawings.

BRIEF DESCRIPTIONS OF THE DRAWINGS

FIG. 1 1s a view showing an exterior configuration of a
digital copying machine of the embodiment.

FIG. 2 1s a schematic sectional view mainly showing
mechanical and optical configurations of the image reading,
device of the embodiment.

FI1G. 3 1s a partial enlarged view of FIG. 2.

FIG. 4 1s a block diagram mainly showing an electric
configuration of the image reading device of the embodiment.

FIG. 5 1s a flowchart (part 1) showing an abnormality
determining operation in the image reading device of the
embodiment.

FIG. 6 1s a flowchart (part 2) showing an abnormality

determining operation 1n the image reading device of the
embodiment.

FI1G. 7 1s a figure for describing a document reading area.

FI1G. 8 1s a graph showing an output of a CCD 1mage pickup
device 1n the case where an abnormality 1s included when the
reference plate 1s read out.

FIG. 9 1s a flowchart (part 1) showing a document reading,
position setting operation in the image reading device of the
embodiment.

FI1G. 10 1s a tflowchart (part 2) showing a document reading,
position setting operation in the image reading device of the
embodiment.

DETAILED DESCRIPTIONS OF TH.
PREFERRED EMBODIMENTS

T

Hereinafter, an embodiment of the present mnvention will
be described with reference to the drawings. It should be
noted that the arrangements provided with the same reference
signs 1n figures indicate that they have the same arrange-
ments, and the descriptions of those will be omatted.

FIG. 1 1s a view showing an external configuration of a
digital copying machine of the embodiment. FIGS. 2 and 3
are figures mainly showing mechanical and optical configu-
rations of the image reading device of the embodiment. FIG.
3 1s a partial enlarged view of FIG. 2. FIG. 4 1s a block
diagram mainly showing an electric configuration of the
image reading device of the embodiment.

In FIGS. 1 to 4, the image reading device SC 1s embodied
as a digital copying machine CP including not only an image
reading function 1.e. a scanner function but also a printer
function. The image reading function 1s a function of reading
an 1image of a document S, which 1s conveyed above one main
surface of a contact glass 27 1n a sub-scanning direction, from
other main surface side of the contact glass 27 by using
reflected light of an exposure lamp 26. Here, the contact glass
277 1s an example of a transparent plate, and the exposure lamp
26 1s an example of a light source. Further, the image reading
device SC may be embodied as a scanner, or may be embod-
ied as a complex machine having a facsimile function, a
printer function, a scanner function and the like. The image
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4

reading device SC includes a sheet feeder (document feeder)
1, a scanner unit 2 and a controller 3.

The sheet feeder 1 1s adapted to convey a document to a
document reading position P where the document S 1s read
out. The sheet feeder 1 1s mounted on an upper surface of the
scanner unit 2 openably and closably. As shown in FIGS. 1 to
3, the sheet feeder 1 includes, for example, a reference plate
10, a document-discharging table 11, a document-feeding
table 12, a sheet-feeding roller 13, a registration switch 14, a
pair of registration rollers 15, a timing switch 16, a separating
roller 17, a pair of sheet-discharging rollers 18 and a docu-
ment-pressing member 19. The scanner unit 2 1s adapted to
read out an 1mage of a document S conveyed to a document
reading position P. As shown 1n FIGS. 1 to 3, the scanner unit
2 includes, for example, a display unit 20, a first mirror 21, a
second mirror 22, a third mirror 23, a lens system 24, a CCD
image-pickup device 25, the exposure lamp 26 and the con-
tact glass 27. The controller 3 1s provided in the image reading
device SC (in the digital copying machine) and adapted to
control the sheet feeder 1 and the scanner unit 2 in accordance
with the respective Tunctions of these. For example, the con-

troller 3 1s arranged with a microcomputer including a CPU
(Central Processing Unit), a ROM (Read Only Memory) and

an EEPROM (Flectrically Erasable Programmable Read
Only Memory) for storing in advance various programs
executed by the CPU, data necessary for execution of the
programs and the like, a RAM (Random Access Memory) to
be so called working memory for the CPU, and a peripheral
circuit.

In accordance with a control of the controller 3, one docu-
ment S 1s separated successively with the sheet-feeding roller
13 and the separating roller 17 arranged 1n pair from a plu-
rality of documents S placed on the document-feeding table
12, and conveyed by the pair of registration rollers 135 to a
document reading position P set between the reference plate
10 of the document-pressing member 19 and the contact glass
277. The registration switch 14 and the registration rollers 15
are adapted to restrict oblique conveyance of the document S
and align a front edge of the document betfore the document S
1s conveyed to a document reading position P. The reference
plate 10 1s a plate-like member extending 1n a main scanning
direction (in a direction perpendicular to a sheet surface 1n
FIGS. 2 and 3) and attached to a surface of the document-
pressing member 19 on the side facing one main surface of the
contact glass 27. The reference plate 10 has, for example, a
white color at least on the surface facing the contact glass 27.
The timing switch 16 1s adapted to determine a leading edge
timing ol an 1mage conveyed on the document. A signal
obtained from the timing switch 16 1s notified to the controller
3.

During when a document S 1s moving through a document
reading position P, an image of the document S on the side
facing the contact glass 27 1s read out by an optical system
provided 1n the scanner unit 2. Specifically, at first, the expo-
sure lamp 26 emits light ray 1n accordance with a control of
the controller 3, and the light ray emitted from the exposure
lamp 26 passes through the contact glass 27 and 1s 1irradiated
to a document reading position P. Consequently, light ray
reflected from the document S at the document reading posi-
tion P passes through the contact glass 27 and enters the first
mirror 21. The mncident light ray passes the second mirror 22,
the third mirror 23 and the lens system 24, and thereafter
enters to the CCD image-pickup devices 25. Each CCD
image-pickup device 235 1s operated 1n accordance with a
control of the controller 3 and converts the incident light ray
to an electric signal. The CCD mmage-pickup devices 25 are
aligned 1n the main scanning direction and obtain 1image data
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for one line 1n the main scanning direction simultaneously.
The CCD mmage-pickup devices 235 may be aligned 1n a plu-
rality of lines so that they can obtain image data for a plurality
of lines simultaneously. The image data obtained by the CCD
image-pickup devices 25 1s amplified and modulated to a
digital signal with an unillustrated step circuit. Thereafter, the
controller 3 further applies various image processings such as
a shading correction, a gamma correction, a chromatic aber-
ration correction, an MTF (Modulation Transfer Function)
correction and a scanner color correction. Then, the image

data applied with an 1mage processing 1s stored 1n a predeter-
mined memory area in a memory of the controller 3.

A document S passed a reading position P 1s discharged to
the document-discharging table 11 by the pair of sheet-dis-
charging rollers 18 1n accordance with a control of the con-
troller 3. During when the CCD 1mage-pickup device 25
reads an 1mage ol the document S at a document reading
position P, the document S 1s moved 1n the sub-scanming
direction (a horizontal direction 1n FIGS. 2 and 3). Accord-
ingly, when one sheet of document S 1s accommodated on the
document-discharging table 11, reading of a whole 1mage of
one sheet of document S along the main scanning direction
and sub-scanning direction 1s completed.

Here, the scanner unit 2 1s so configured that an 1mage of
the document S can be read out by opening the sheet feeder 1
upward from the scanner unit 2 and placing the document S
one aiter another on an upper surface of the contact glass 27
without using the sheet feeder 1. To achieve this object, a part
of the optical system is attached to a moving frame 28 to be
movable along the main surface of the contact glass 27. In
other words, the exposure lamp 26, the first mirror 21, the
second mirror 22 and the third mirror 23 are attached to the
movmg frame 28 and moved along with the movement of the
moving frame 28. On the contrary to this, the lens system 24
and the CCD 1mage-pickup device 25 are not attached to the
moving frame 28 but fixed to the scanner unit 2 1n a part other
than the moving frame 28. Along with the movement of the
moving frame 28, the second mirror 22 and the third mirror 23
are moved only a half the moving distance of the exposure
lamp 26 and the first mirror 21. Accordingly, the distance of a
light path of the reflected light ray from the first mirror 21 to
the lens system 24 1s maintained to be constant independently
from a position of the moving frame 28. Along with the
movement of the exposure lamp 26 and the first mirror 21, a
document reading position 1s moved along the sub-scanning
direction. Accordingly, the CCD 1mage-pickup device 25 can
read out an 1image of the document S statically placed on the
upper surface of the contact glass 27 along the main scanning,
direction and sub-scanning direction.

As shown in FIG. 3, even when an image the document S 1s
read out through the contact glass 27 while the document S 1s
conveyed by the sheet feeder 1, the moving frame 28 1is
movable. Accordingly, the document reading position P 1n the
contact glass 27 can be changed along the upper surface of the
contact glass 27. Such arrangement can be easily realized by
directly using the arrangement having the moving frame 28 to
enable the scanner unit 2 to read also an 1mage of the docu-
ment S placed on the upper surface of the contact glass 27.

For example, to perform such image reading operation, the
scanner unit 2 further includes 1n 1ts electric configuration a
moving frame driving portion 29 which 1s a circuit for moving,
the moving frame 28 by drniving an unillustrated motor in
accordance with a control of the controller 3, as shown 1n FIG.
4. The controller 3 functionally includes a reading controller
31, an abnormality determining portion 32, a reading position
setting portion 33, guidance displaying portion 34, an image
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6

data storing portion 35, a reference data storing portion 36
and an 1mage reading position moving times storing portion
37.

The reading controller 31 controls the sheet feeder 1 and
scanner unit 2 in such a manner as described above to read an
image ol the document S. The abnormality determining por-
tion 32 determines whether or not an image obtaimned by
reading the document S 1includes an abnormality based on a
maximum density 1n a predetermined area 1n an 1image of the
document S and a maximum density 1n an 1image obtained by
reading the reference plate 10 1n the state where the document
S 15 not placed on one main surface of the contact glass 27.
When the abnormality determining portion 32 determines
that there 1s an abnormality, the reading position setting por-
tion 33 controls the moving frame driving portion 29 to
change a document reading position P 1n the sub-scanning
direction within a range where the reference plate 10 may be
read and set a document reading position P to be at a new
position. The guidance displaying portion 34 displays on a
display unmit 20 of the scanner unit 2 guidance to urge main-
tenance of the contact glass 27 based on the result of the
determination of the abnormality determiming portion 32 or
the number of sheets of the document S passed through the
sheet feeder 1. Such guidance for urging maintenance of the
contact glass 27 includes a cleaning guidance to urge cleaning
ol the contact glass 277 at a document reading position P. The
display umt 20 1s prowded in an upper front portion of the
scanner unit 2 (digital copying machine CP), and 1s adapted to
display not only guidance but also an operation inputted to the
scanner unit 2 (digital copying machine CP), the state of
operation of the scanner unit 2 (digital copying machine CP)
and the like. The display unit 20 includes, for example, a
liquad crystal display (LCD). The image data storing portion
35 1s adapted to store 1image data read out from the document
S by the reading controller 31. The reference data storing
portion 36 1s adapted to store reference data for moving a
document reading position P to respective positions. In the
present embodiment, for example, the reference data includes
a moving distance of the document reading position P to
respective positions and a timing (a document reading start
timing) to start reading out the document at respective posi-
tions. The 1image reading position moving times storing por-
tion 37 1s adapted to store a value of the number of document
reading position movement of the present document reading
position P from the 1nmitial position.

Next, an abnormality determining operation of the image
reading device SC will be described.

FIGS. 5 and 6 are flowcharts showing the abnormality
determining operation 1n the image reading device of the
embodiment. FI1G. 7 1s afigure for describing a reading area of
a document.

In FIGS. 5 and 6, the reading controller 31 of the controller
3 performs at first an 1mitial setting corresponding to a sheet
s1ze before the abnormality determination 1s performed 1n the
image reading device SC (S31). As will be described herein-
aiter, the abnormality determination 1s performed with use of
image data (hereinafiter, referred to as “1mage data of line A”)
obtained by reading an area (hereinatter, referred to as “line
A”) being a leading edge 1 a conveying direction of the
document S and having a predetermined width set 1n advance
in the sub-scanning direction extending in the main scanning
direction, and image data (hereinaiter, referred to as “image
data of line B”) obtained by reading an area (heremafter,
referred to as “line A”) being a posterior edge in a conveying
direction of the document S and having a predetermined
width set 1n advance 1n the sub-scanming direction extending
in the main scanning direction, as shown in FI1G. 7. Therefore,
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in the 1nitial setting, specifically, respective positions of the
line A and line B are set 1n accordance with the sheet size.
Each line normally has a distance corresponding to about 2
mm 1n the sub-scanning direction, and one line or a plurality
of lines are desirably set as a predetermined width of the lines
A and B.

Next, as described above, the reading controller 31 oper-
ates the sheet feeder 1 and the scanner unit 2 coordinately to
read an 1mage of the document S, and stores the image data
one line after another 1n a predetermined storage area in the
image data storing portion 35 (S32). Then, the reading con-
troller 31 notifies the abnormality determining portion 32 that
reading of an 1mage of the document S 1s terminated.

Next, the abnormality determining portion 32 of the con-
troller 3 determines from 1mage data of the line A stored in the
image data storing portion 35 a maximum density in a whole
area 1n the main scanning direction 1n an 1mage of the line A,
and then obtains a maximum density and a position having the
maximum density (a maximum density position), and deter-
mines from 1mage data of the line B stored in the image data
storing portion 35 a maximum density 1n a whole area 1n the
main scanning direction 1n an image of the line B, and then
obtains a maximum density and a maximum density position
(S33). In the CCD mmage-pickup device 25, the position hav-
ing a maximum density 1s a pixel position in the main scan-
ning direction. Further, in the 1mage data storing portion 35,
it 1s an address of memory.

Next, the abnormality determining portion 32 determines
whether or not a maximum density of the line A obtained in
the step S33 1s equal to or higher than a first predetermined
density D1, and determines whether or not a maximum den-
sity of the line B obtained in the step S33 1s equal to or higher
than the predetermined density D1. In other words, the abnor-
mality determining portion 32 determines whether or not the
maximum densities 1n the respective lines A and B are equal
to or higher than the first predetermined density D1 (S34).

When the maximum density 1n the line A and the maximum
density 1n the line B are low, 1t 1s not considered that they are
linear image such as a line or an abnormal 1mage. Therefore,
the first predetermined density D1 1s set desirably 1n accor-
dance with a density of a line which should be determined as
a linear 1image such as a line or an abnormal 1image set 1n
advance 1n accordance with a specification and the like. The
first predetermined density D1 1s set to be a relatively small
value such as 32 1n the case where there are total of 256
gradation sequences with white being O and black being 2355.

When the maximum density in at least one of the lines
(both or any one of the lines) 1s not equal to or higher than the
first predetermined density D1 (NO) according to the result of
determination in the step S34, the abnormality determining
portion 32 determines that a linear abnormal 1mage 1s not
detected, and terminates the abnormality determining opera-
tion. On the other hand, when the maximum densities of both
lines are equal to or higher than the first predetermined den-
sity D1 (YES) according to the result of determination in the
step S34, the abnormality determining portion 32 executes
the next step S35.

In the step S35, the abnormality determining portion 32
determines whether or not an absolute value of the difference
between the position which 1s newly determined to have a
linear abnormal 1mage according to the result of the previous
abnormality determiming operation (operations of the steps
S31 to S41) and the maximum density position of the line A
1s within a first predetermined range W1. In other words, the
abnormality determiming portion 32 determines whether or
not the position newly determined to have a linear abnormal
image according to the result of the previous abnormality
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determining operation (operations of the steps S31 to S41)
matches with the maximum density position of the line A ina
range equal to or smaller than the first predetermined range
W1. The first predetermined range W1 1s desirably set 1n
accordance with a range of a line which should be determined
as an abnormal 1mage set 1n advance 1n accordance with a
specification. For example, the range 1s set to be 0x10=16
pixels. It should be noted that 1 pixel 1s normally about 43.3
um. Here, although the position newly determined to have a
linear abnormal 1mage 1n the step S35 1s compared with the
maximum density position of the line A 1n the descriptions
above, 1t may be compared with the maximum density posi-
tion of the line B.

When the absolute value of the difference 1s not equal to or
smaller than the first predetermined range W1 (NO) accord-
ing to the result of the determination in the step S35, the
abnormality determining portion 32 skips the step S36, and
the reading controller 31 of the controller 3 executes the step
S37. On the other hand, when the absolute value of the dif-
ference 1s equal to or smaller than the first predetermined
range W1 (YES) according to the result of the determination
in the step S35, the abnormality determining portion 32
executes the step S36, and the reading controller 31 of the
controller 3 executes the step S37 according to the result of
the determination.

Here, when the absolute value of the difference 1s not equal
to or smaller than the first predetermined range W1 according
to the result of the determination in the step S35, 1t 1s deter-
mined that this 1s the case of scars left on the contact glass 27
or foreign substances adhered to the contact glass 27, and the
step S36 1s skipped.

In the step S36, the abnormality determining portion 32
determines whether or not an absolute value of the difference
between the maximum density position of the line A and the
maximum density position of the line B 1s equal to or smaller
than a second predetermined range W2. The second predeter-
mined range W2 1s desirably set in accordance with a width of
a line which should be determined as a linear image such as a
line set 1n accordance with a specification. For example, the
range W2 1s set to be 0x10=16 pixel.

When the absolute value of the difference 1s not equal to or
smaller than the second predetermined range W2, an 1image
subjected to the determination 1s considered not to be a linear
image along the sub-scanning direction but a spot 1image. On
the other hand, when the absolute value of the difference 1s
equal to or smaller than the second predetermined range W2,
the image subjected to the determination 1s considered to be a

linear 1image such as a line or an abnormal 1image such as a
black line.

Theretore, when the absolute value of the difference 1s not
equal to or smaller than the second step predetermined range
W2 according to the result of the determination made 1n the
step S36 (NO), the abnormality determining portion 32 deter-
mines that a linear abnormal image has not been detected, and
terminates the abnormality determining operation. On the
other hand, when the absolute value of the difference 1s equal
to or smaller than the second predetermined range W2 (YES)
according to the result of the determination, the abnormality
determining portion 32 notifies that fact to the reading con-
troller 31 to make the reading controller 31 of the controller 3
to execute the next step S37 to further determine whether or
not the image subjected to the determination 1s an abnormal
image.

In the above description, two lines including the lines A and
B are used in view of shortening the determination time.
However, three or more lines or all of the lines in the convey-
ing direction may be used.
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In the step S37, the reading controller 31 reads out one or
more lines 1n the state where there 1s no document S placed
between the contact glass 27 and the reference plate 10, and
stores the obtained 1mage data 1n a predetermined storage
area in the 1mage data storing portion 35. Then, the reading
controller 31 notifies the abnormality determining portion 32
that the reading of 1mage in the state where there 1s no docu-
ment S 1s terminated. Here, the number of lines read in this
case 1s desirably set to be the minimum numbers of lines
necessary for determining an abnormal image. However, 1f a
large number lines are read out, a storage capacity corre-
sponding to the same would be necessary in the image data
storing portion 35. Accordingly, a small number of lines
would be more preterable. The number of lines read out 1n this

case 1s the number which 1s the same as the number of lines of
the line A.

Next, the abnormality determining portion 32 determines
from 1image data of the line read out in the state where there 1s
no document S and stored 1n the image data storing portion 35
a maximum density which 1s the density highest 1n a whole
area 1n the main scanning direction of an image of the line,
and then obtains the maximum density and a position having
the maximum density (S38).

Next, the abnormality determining portion 32 determines
whether or not the maximum density of line read out in the
state where there 1s no document S and obtained in the step
S38 1s equal to or higher than a second predetermined density
D2 (S39).

FIG. 8 1s a graph showing an output of a CCD image pickup
device 1n the case where an abnormality 1s included when the
reference plate 1s read out. The honizontal axis of FIG. 8
shows a main scanning direction X, and the vertical line
shows an output Y of the CCD 1mage-p1ckup device 25. Since
the CCD 1mage-pickup device 25 recerves reflected light rays
of the reference plate 10 and performs a photoelectric con-
version to the light rays, a pixel value (density of pixel)
becomes smaller (light) as an output Y of the CCD image-
pickup device 25 becomes greater, and on the other hand, the
pixel value (density of pixels) becomes larger (darker) as the
output Y of the CCD mmage-pickup device 25 becomes
smaller.

When a foreign substance having such a size larger than a
predetermined size to cause a linear abnormal 1image along,
the sub-scanning direction to be appeared on an i1mage
obtained by reading the document, a deep recession G
appears 1n a distribution along the main scanning direction X
in the output Y of the CCD 1mage-pickup device 25. There-
fore, the second predetermined density D2 1s desirably set 1in
accordance with a density of a line which should be deter-
mined as an abnormal 1image such as a black line predeter-
mined 1n accordance with a specification. The second prede-
termined density D2 1s set to be a relatively large value such
as 128 1n the case where there are total of 256 gradation
sequences with white being O and black being 2355. FIG. 8
shows the output value Yth of the CCD 1mage-pickup device
235 corresponding to the second predetermined density D2.

When the maximum density in the line 1s not equal to or
higher than the second predetermined density (NO) accord-
ing to the result of the determination in the step S39, the
a :Jnormahty determining portion 32 determines that a lmear
abnormal 1mage has not been detect, and terminates the
abnormality determining operation. On the other hand, when
the maximum density of the line 1s equal to or higher than the
second predetermined density (YES) according to the result
of the determination, the abnormality determining portion 32
executes the next step S40.
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In the step S40, the abnormality determining portion 32
determines whether or not an absolute value of the difference
between a maximum density position of the line A and a
maximum density position of a line read out 1n the state where
there 1s no document S 1s equal to or smaller than the third
predetermined range W3. The third predetermined range W3
1s set desirably in accordance with a width of a line which
should be determined as a linear abnormal 1mage along the
sub-scanning direction predetermined 1n accordance with a
specification. For example, the range W3 1s set to be 160
pixels.

In the above description, the absolute value of the differ-
ence between the maximum density position of the line A and
the maximum density position of the line read out 1n the state
where there 1s no document S 1s used. However, an absolute
value of the difference between a maximum density position
of the line B and a maximum density position of a line read out
in the state where there 1s no document S may be used.

When the absolute value of the difference 1s not equal to or
smaller than the third predetermined range W3 (NO) accord-
ing to the result of the determination, the abnormality deter-
mining portion 32 determines that a linear abnormal 1mage
has not been detected, and terminates the abnormality deter-
mining operation. On the other hand, when the absolute value
of the difference 1s equal to or smaller than the predetermined
range W3 (YES) according to the result of the determination,
the abnormality determining portion 32 executes the next step
S41 to further determine whether the linear image 1s an 1mage
of the document S or an abnormal 1mage.

In the step S41, the abnormality determining portion 32
determines whether or not an absolute value of the difference
between a maximum density of the line A and a maximum
density of a line read out in the state where there 1s no docu-
ment S 1s equal to or smaller than the third predetermined
density D3. The third predetermined density D3 1s desirably
determined 1n accordance with a density of a line which
should be determined as a linear image along the sub-scan-
ning direction such as a line predetermined in accordance
with a specification. A density due to paper powders and the
like attached to the contact glass 27 becomes a density 1n
accordance with a kind of paper. For example, a density tends
to be relatively light in the case of a high-quality paper.
Therefore, a density of a linear image such as a line on the
document S 1s normally higher than a density due to paper
powders and the like attached to the contact glass 27. Accord-
ingly, the third predetermined density D3 1s set to be a rela-
tively large value such as 128 in the case where there are total
of 256 gradation sequences with white being O and black
being 253.

When the absolute value of the difference 1s not equal to or
smaller than the third predetermined density D3 (NO) accord-
ing to the result of the determination, 1t 1s determined that a
linear 1image 1s an 1mage of a document S such as a line, and
the abnormality determining portion 32 determines that linear
abnormal 1mage has not been detected and terminates the
abnormality determining operation. On the other hand, when
the absolute value of the difference 1s equal to or smaller than
the third predetermined density D3 (YES) according to the
result of the determination, the abnormality determining por-
tion 32 determines that a linear abnormal 1mage has been
detected and notifies that fact to the reading position setting
portion 33 to change a document reading position P. Then, the
abnormality determining operation 1s terminated.

As being operated in such a manner, existence or nonex-
istence of an abnormal image may be determined in the image
reading device SC of the present embodiment. Further, when
there exists 1n the document S a linear 1image such as a line
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along the conveying direction, erroneous determination of
determining the linear image which should be determined as
an 1mage of the document S as an abnormal linear image may
be reduced so that an 1image of the document S and an abnor-
mal 1mage may be assuredly discriminated.

Next, a document reading position setting operation of
changing a document reading position P and displaying guid-
ance 1n accordance with a result of the abnormality determin-
ing operation will be described.

FIGS. 9 and 10 are flowcharts showing the document read-
ing position setting operation in the reading device of the
embodiment.

In FIGS. 9 and 10, after the abnormality determination of
the abnormality determining portion 32 in the controller 3 1s
terminated, the reading position setting portion 33 of the
controller 3 determines at first whether or not the abnormality
determining portion 32 detected an abnormality (S60) when
the moving of a document reading position P in the image
reading device SC and the displaying of guidance are per-
formed.

When it 1s determined that a linear abnormal 1mage 1s
detected (YES) according to the result of the determination 1n
the step S60, the reading position setting portion 33 deter-
mines whether or not the present document reading position
moving times N 1s smaller than the number of document
reading positions to which a document reading position P can
be moved (561). The document reading position moving,
times N 1s read out from the 1image reading position moving,
times storing portion 37 at the time of activating the 1image
reading device SC.

For example, as shown i FIG. 3, a document reading
position P 1s changeable to four positions along the sub-
scanning direction within a range where the reference plate
10 can be read out. In the following descriptions, reference
signs A0 to A3 provided to the imncident light rays 1n FIG. 3
represent corresponding four document reading positions P.
In FIG. 3, positions of the first mirror 21 corresponding to the
positions A0 to A3 respectively are shown with 1maginary
lines of two-dotted chain lines. A spacing of the positions A0
to A3 1s setto be about 0.7 mm assuming removal of effects by
foreign substances having a size of about 0.6 mm. In accor-
dance with this, a start timing for reading a document 1is
differentiated about 37 msecs. In the example shown 1n FIG.
3, there are four document reading positions P. However, the
number may be smaller or larger and set optionally 1n accor-
dance with a specification.

When the document reading position moving times N 1s
smaller than the number of document reading positions
(YES) according to the result of the determination in the step
S61, the reading position setting portion 33 increments the
document reading position moving times N by 1 (862). Spe-
cifically, the document reading position moving times N 1s set
to be the document reading position moving times N+1
(document reading position moving times N<—document
reading position moving times N+1). In the present embodi-
ment, the 1initial value of the document reading position mov-
ing times N 1s 1.

Then, the reading position setting portion 33 moves a docu-
ment reading position P to the next position (S63) and
executes the step S66. More specifically, the reading position
setting portion 33 reads out reference data of a document
reading position P corresponding to a document reading posi-
tion moving times N from the reference data storing portion
36, and outputs the read reference data to the moving frame
driving portion 29.

When the reference data of a document reading position P
1s inputted, the moving frame driving portion 29 moves the
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moving frame 28 1n such a manner that a document reading
position P 1s to be located at a position corresponding to the
reference data. Thereby, a document reading position P 1s
moved to the next position P.

For example, 11 an abnormal image 1s detected by the
abnormality determining portion 32 when the document read-
ing position moving times N=1, 2, 3, 4 correspond to the
document reading positions P=A0, A1, A2, A3 respectively,
and a present document reading position moving times N 1s 2,
a document reading position moving times 1s set to be N=2+
1=3. Then, a document reading position P 1s moved from the
position Al to the position A2 in accordance with the move-
ment of the moving frame 28 by the moving frame driving
portion 29.

On the other hand, when a present document reading posi-
tion moving times N 1s not less than the number of document
reading positions (NO) according to the result of determina-
tion 1n the step S61, the reading position setting portion 33
clears the document reading position moving times N to be an
initial value (564). In other words, the document reading
position moving times N 1s set to be an initial value of 1
(document reading position moving times N<—1).

Then, the reading position setting portion 33 moves a docu-
ment reading position P to the iitial position A0 (S65) and
executes the step S66. More specifically, the reading position
setting portion 33 takes out reference data of a document
reading position P corresponding to a document reading posi-
tion moving times N from the reference data storing portion
36 and outputs the reference data of a document reading
position P to the moving frame driving portion 29 of the
scanner unit 2.

When the reference data of a document reading position P
1s mputted, the moving frame driving portion 29 moves the
moving frame 28 so as to set a document reading position P to
be at a position corresponding to the reference data. Accord-
ingly, a document reading position P 1s moved to the next
position P.

Specifically, 1t the abnormality determining portion 32
detects an abnormal 1mage when the document reading posi-
tion moving times N=1, 2, 3, 4 correspond to the document
reading positions P=A0, Al, A2, A3 respectively, and a
present document reading position moving times N 1s 4, a
document reading position moving times N 1s set to be 1.
Then, 1n accordance with the movement of the moving frame
28 by the moving frame driving portion 29, a document
reading position P 1s moved from the position A3 to the
position AQ.

In the step S66, the reading position setting portion 33
stores a present document reading position moving times N 1n
the 1mage reading position moving times storing portion 37.
Accordingly, a present document reading position moving
times N 1s backed up. Therefore, when a power of the 1image
reading device SC 1s turned off and then turned on at the next
time, the document reading position moving times N stored
betfore the power 1s turned off 1s maintained.

I1 the steps S61 and S66 are executed as described above,
and a linear abnormal 1image 1s detected by the abnormality
determining portion 32, a document reading position P 1s
moved successively from the 1mitial position A0 to the final
position A3. Then, if a linear abnormal 1mage 1s detected by
the abnormality determining portion 32 when a document
reading position P 1s at the final position A3, a document
reading position P 1s moved back to the mnitial position A0. At
cach time when an abnormal 1image 1s detected by the abnor-
mality determinming portion 32 as described above, a docu-
ment reading position P 1s moved from the position A0 to the
position A3 successively 1n a cyclic manner. Therefore, even
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if there are adherences of foreign substances or generation of
scars on the contact glass 27, generating of a linear abnormal

image may be suppressed elfectively.

Then, as a next step, the reading position setting portion 33
clears a first copy counter CN1 (S67). In other words, the first
copy counter CN1 1s set to be an 1nitial value of 0 (first copy
counter CN1<-0). In the present embodiment, the mitial
value of the first copy counter CN1 1s O like a second copy
counter CN2 described hereinatter. As described hereinafter,
the first copy counter CN1 1s incremented 1n the steps S83 and
S87 when 1t 1s determined 1n an abnormality determination
that an abnormal 1image 1s not detected, and is cleared 1n the
step S67 after moving a document reading position P when it
1s determined 1n the abnormality determination that an abnor-
mal image 1s detected. Thus, the first copy counter CN1 shows
the number of documents S having passed through one docu-
ment reading position P during when a document reading
position P moves from the one document reading position P to
the next document reading position P ({or example, from the
position Al to the position A2). In other words, the first copy
counter CN1 shows the number of documents S having
passed through a document reading position P when there 1s
no abnormal image in an image obtained by reading the
document S.

Next, the reading position setting portion 33 determines
whether or not a document reading position P (a present
document reading position P) corresponding to a document
reading position moving times N 1s a home position HP (568).

When a document reading position P 1s not a home position
HP (NO) according to the result of determination 1n the step
S68, the reading position setting portion 33 executes the step
S71. On the other hand, when the document reading position
P 1s a home position HP (YES) according to the result of
determination in the step S68, the reading position setting
portion 33 turns on guidance tlag GF (569). The guidance flag
GF 1s a flag showing whether or not a guidance displaying
portion 34 should display guidance on the display unit 20.
When the guidance flag GF 1s turned on, and the gmidance flag
GF 1s 1, the guidance displaying portion 34 displays guidance
onthe d1 splay unit 20, as will be described herelnafter On the
other hand, when the guidance flag GF 1s turned off, and the
guidance flag GF 1s O, the guidance displaying portlon 34
does not display guidance on the display unit 20.

Next, the reading position setting portion 33 clears the
second copy counter CN2 (S70). In other words, the second
copy counter CN2 1s set to be an 1mitial value of O (second
copy counter CN2<-0). Then, the reading position setting
portion 33 executes the step S71.

If the steps S68 to step S70 are executed as described above
to detect a linear abnormal 1mage, and a document reading
position P 1s moved to a home position HP, guidance tlag GF
1s turned on. Then, when the guidance flag GF 1s turned on,
guidance 1s displayed on the display unit 20. As describe
above, a home position HP 1s a reference position for deter-
mimng whether or not guidance should be displayed on the
display unit 20 1n accordance with the movement of a docu-
ment reading position P. As will be described hereinaftter, the
home position HP 1s moved 1n accordance with a value of the
first copy counter CN1 so that display of guidance 1s opti-
mized.

In the step S71, the reading position setting portion 33
increments the second copy counter CN2 by 1. In other
words, the second copy counter CN2 1s set to be a second copy
counter CN2+1 (second copy counter CN2<—second copy

counter CN2+1).
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Next, the reading position setting portion 33 determines
whether or not the second copy counter CN2 1s equal to or
greater than a fourth predetermined number NS4 (572).

When the second copy counter CN2 1s not equal to or
greater than the fourth predetermined number NS4 (NO)
according to the result of determination 1n the step S72, the
reading position setting portion 33 terminates the document
reading position setting operation. On the other hand, when
the second copy counter CN2 1s equal to or greater than the
fourth predetermine number NS4 (YES) according to the
result of determination 1n the step S72, the reading position
setting portion 33 turns on guidance flag GF (873) and ter-
minates the document reading position setting operation after
clearing the first and second copy counters CN1, CN2.

If the steps S72 to step S74 are executed as described
above, and the second copy counter CN2 becomes equal to or
greater than the fourth predetermined number NS4, the guid-
ance flag GF 1s turned on. Then, the first and second copy
counters CN1, CN2 are cleared. Then, the guidance tlag GF 1s
turned on, and guidance 1s displayed on the display umt 20.
Thus, the second copy counter CN2 shows the number of
documents S having passed through a document reading posi-
tion P from the one guidance to the next guidance. The second
copy counter CN2 1s summed until the next guidance 1s dis-
played even if a document reading position P 1s moved in the
steps S61 to S66. Further, since the second copy counter CN2
1s incremented in the step S71 as described above, it 1s
summed up until the next guidance 1s displayed regardless of
the detection of a linear abnormal 1mage.

The fourth predetermined value NS 1s a threshold value of
determining whether or not to give guidance regard less of
detection of a linear abnormal image. The fourth predeter-
mined number NS4 1s desirably set 1n accordance with the
number, at which guidance should be given regardless of
detection of an abnormal 1mage, of documents having passed
a document reading position P set in accordance with a speci-
fication and the like. Normally, the amount of paper powders
and the like generated on the contact glass 27 near a document
reading position P increases in accordance with the number of
documents having passed the document reading position P.
Therefore, regardless of detection of an abnormal 1mage,
when a relatively great number of documents S has passed
through a document reading position, the amount of paper
powders and the like becomes great. Accordingly, it 1s favor-
able to display guidance on the display unit 20 to urge a user
to clean the contact glass 27. Thus, the fourth predetermined
number NS4 1s set to be a relatively great value such as 2000
sheets, 5000 sheets, 10000 sheets or the like.

When the steps S72 to S74 are executed as described
above, guidance 1s given to a user appropriately to urge
removal of a relatively great amount of paper powders gen-
crated by the relatively large numbers of documents S having
passed through the document reading position P.

On the other hand, when 1t 1s determined that a linear
abnormal 1image 1s not detected (NO) according to the result
of determination 1n the step S60, the reading position setting
portion 33 determines whether or not the second copy counter
CN2 1s equal to or smaller than the first predetermined num-
ber NS1 (S81).

When the second copy counter CN2 1s equal to or less than
the first predetermined number NS1 (YES) according to the
result of determination 1n the step S81, the reading position
setting portion 33 determines whether or not the first copy
counter CN1 1s equal to or less than the second predetermined
number NS2 (S82).

When the first copy counter CN1 1s equal to or less than the
second predetermined number NS2 (YES) according to the
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result of determination i the step S82, the reading position
setting portion 33 increments the first copy counter CN1 by 1
(S83) and executes the step S84. On the other hand, when the
first copy counter CN1 1s not equal to or less than the second
predetermined number NS2 (No) according to the result of
determination in the step S82, the reading position setting
portion 33 executes the step S84.

In the step S84, the reading position setting portion 33
determines whether or not the first copy counter CN1 1s equal
to the second predetermined number NS2.

When the first copy counter CN1 1s equal to the second
predetermined number NS2 (Yes) according to the result of
determination in the step S84, the reading position setting
portion 33 sets (renews) a document reading position P (a
present document reading position P) corresponding to a
document reading position moving times N to be a home
position HP (S85) and executes the step S71. On the other
hand, when the first copy counter CN1 1s not equal to the
second predetermined number NS2 (NO) according to the
result of determination 1n the step S84, the reading position
setting portion 33 executes the step S71.

Further, when the second copy counter CN2 1s not equal to
or less than the first predetermined number (NO) according to
the result of determination 1n the step S81, the reading posi-
tion setting portion 33 determines whether or not the first
copy counter CN1 1s equal to or less than the third predeter-
mined number NS3 (S86).

When the first copy counter CN1 1s equal to or less than the
third predetermined number NS3 (Yes) according to the result
of determination 1n the step S86, the reading position setting
portion 33 increments the first copy counter CN1 by 1 (S87)
and executes the step S88. On the other hand, when the first
copy counter CN1 1s not equal to or less than the third prede-
termined number NS3 (No) according to the result of deter-
mination 1n the step S82, the reading position setting portion
33 executes the step S88.

In the step S88, the reading position setting portion 33
determines whether or not the first copy counter CN1 1s equal
to the third predetermined number NS3.

When the first copy counter CN1 1s equal to the third
predetermined number NS3 (YES) according to the result of
determination in the step S88, the reading position setting
portion 33 sets (renews) a document reading position P
(present document reading position P) corresponding to a
document reading position moving times N (S89) and
executes the above-described step S71. On the other hand,
when the first copy counter CN1 1s not equal to the third
predetermined number NS3 (NO) according to the result of
determination in the step S88, the reading position setting
portion 33 executes the step S71.

Normally, paper powders and the like causing an abnormal
image ncreases 1n accordance with the number of documents
S having passed through a document reading position P, as
described above. Therelore, in some cases of the number of
documents S passed a document reading position P, the
amount ol paper powders and the like 1s relatively small, and
there are relatively many cases where a linear abnormal
image 1s not generated 1n an image even when 1t 1s determined
that there 1s an abnormal 1mage 1n an 1image. Therefore, when
the number of documents S having passed a document read-
ing position P 1s within a range where it 1s assumed that the
amount of paper powders 1s relatively small, guidance 1s
appropriately given to a user 11 a home positioned i1s changed
while the number of documents S having passed a document
reading position P 1n the case where 1t 1s determined that a
linear abnormal 1mage was not detected 1s relatively small.
On the other hand, 11 a home position 1s changed when the
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number 1s beyond the range, while the number of documents
having passed the document reading position P 1n the case
where a linear abnormal 1mage was not detected, there 1s a
likelihood that guidance which i1s truly necessary 1s not given
to a user. Therefore, the first predetermined number NS1 1s set
desirably 1n advance as the number of documents S having
passed through the document reading position P within a
range where 1t1s assumed that the amount of paper powders 1s
relatively small according to a specification and the like. For
example, the first predetermined number NS1 1s set to be 500
sheets, 1000 sheets, 1500 sheets or the like. Further, the
second predetermined number NS2 1s the number of docu-
ments S having passed the document reading position P and 1s
equal to or less than the first predetermined number NS1. The
second predetermined number NS2 1s desirably predeter-
mined to be the relatively small number according to a speci-
fication to renew a home position while the number of docu-
ments S having passed through a document reading position
P 1n the case where 1t 1s determined that a linear abnormal
image was not detected 1s relatively small. For example, the
second predetermined number NS2 1s set to be 10 sheets, 20
sheets or the like. The third predetermined number NS3 1s
desirably set in advance 1n accordance with a specification,
and 1s a the number of document S having passed through a
document reading position which 1s not equal to or less than
the first predetermined number but greater than the second
predetermined number NS2 to give guidance which 1s truly
necessary. The third predetermined number NS3 1s set to be
¢.g. 100 sheets and 200 sheets.

The fourth predetermined number NS4 1s a value which 1s
set for displaying guidance in accordance with the number of
document S having passed through a document reading posi-
tion P regardless of existence or non-existence of an abnormal
image. Accordingly, 1t 1s normally set to be greater than the
first predetermined number.

When it 1s determined that an abnormal 1mage is not
detected, the steps S81 to S85 are executed. Accordingly,
when the second copy counter CN2 becomes equal to or less
than the first predetermined number NS1 and the first copy
counter CN1 becomes equal to the second predetermined
number NS2, the home position HP 1s set (renewed) to be a
document reading position P (present document reading posi-
tion P) corresponding to the document reading position mov-
ing times N. Then, when 1t 1s determined that a linear abnor-
mal 1image 1s detected, the first copy counter CN1 1s cleared in
the step S67 as described above. Thus, when the second copy
counter CN2 1s equal to or less than the first predetermined
number NS1, i1 a linear abnormal 1image 1s not detected at one
document reading position P, and the number of documents S
having passed through the one document reading position P
becomes equal to the second predetermined number NS2, the
home position HP 1s set (renewed) to be a document reading
position P (present document reading position P) correspond-
ing to the document reading position moving times N. There-
fore, 11 the steps S68 to S70 are executed to detect a linear
abnormal 1mage, and a document reading position P 1s moved
to a home position HP, gmidance flag GF 1s turned on, and
guidance 1s displayed on the display unit 20. However, since
the first and second predetermined numbers NS1 and NS2 are
set to move the home position HP as described above, guid-
ance may be displayed to a user appropnately to urge removal
of paper powders.

Then, when it 1s determined that a linear abnormal image 1s
not detected, the step S81, S86 to S89 are executed, and the
second copy counter CN2 becomes not equal to or less than
the first predetermined number NS1 but the first copy counter
CN1 becomes equal to the third predetermined number NS3,
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the home position HP 1s set (renewed) to be a document
reading position P (present document reading position P)
corresponding to the document reading position moving
times N. Then, when 1t 1s determined that a linear abnormal
image 1s detected, the first copy counter CN1 1s cleared in the
step S67, as described above. Thus, when the second copy
counter CN2 1s not equal to or less than the first predeter-
mined number NS1, the number of documents S with no
linear abnormal 1mage detected in one document reading
position P and passed through the one document reading
position P becomes equal to the third predetermined number
NS3, the home position HP 1s set (renewed) to be a document
reading position P (present document reading position P)
corresponding to the document reading position moving
times N. Therefore, if the steps S68 to S70 are executed to
detect a linear abnormal 1image and the document reading
position P 1s moved to the home position HP, guidance flag
GF 1s turned on, and gwidance 1s displayed on the display unit
20. However, as described above, the first and third predeter-
mined numbers NS1, NS3 are set and the home position HP 1s
moved. Accordingly, guidance may be appropnately dis-
played to a user to urge removal of paper powders.

Then, when a plurality of documents S placed on the docu-
ment-feeding table 12 of the sheet feeder 1 passed through the
document reading position P and all discharged to the docu-
ment-discharging table 11, and reading of images of these
documents S 1s terminated, the guidance displaying portion
34 determines whether or not the gmidance flag GF 1s turned
on. As a result of determination, when 1t 1s the case where the
guidance flag GF 1s turned on, the guidance displaying por-
tion 34 displays guidance on the display unit 20 and thereafter
turns off the guidance flag and terminates the step of display-
ing guidance. On the other hand, as a result of the determi-
nation, i 1t 1s the case where the guidance tlag GF 1s 1n the
off-state, the guidance displaying portion 34 terminates the
step of displaying guidance.

In the displaying of guidance, since the home position HP
1s changed as described above, guidance may be displayed
appropriately to a user. Especially, even 1f a document S of a
sheet easily causing paper powders 1s read out, frequency of
displaying guidance 1s suppressed so that guidance may be
displayed appropniately.

Here, the reference position 1n claim corresponds to the
home position as an example 1n the present embodiment. The
setting portion corresponds to the reading position setting
portion 33 as an example 1n the present embodiment.

In the above-described embodiment, the abnormality
determining portion 32 successively executed the next deter-
minations 1 to 5 to thereby determine whether or not there
ex1sts an abnormal 1mage 1n an image obtained by reading the
document S. However, the abnormality determining method
executed by the abnormality determining portion 32 is not
limited to this. The present mvention can be applied to a
desired abnormality determining method. Here, the first
determination 1s to determine whether or not respective maxi-
mum densities of a first image being an extremity end portion
in a conveying direction of the document S and having a
predetermined range 1n an area 1n the sub-scanning direction
extending 1n the main scanning direction and a second 1mage
being a posterior end portion 1n a conveying direction of the
document S and having a predetermined range 1n an area 1n
the sub-scanning direction extending in the main scanmng,
direction are equal to or higher than the predetermined den-
sity D1. The second determination 1s to determine whether or
not an absolute value of the difference between a position
having the maximum density in the first image and a position
having the maximum density 1n the second 1image 1s equal to
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or smaller than the first predetermined range W1. The third
determination 1s to determine whether or not the maximum
density in the third image obtained by read out the reference
plate 10 1n the range 1n the state where the document S 1s not
placed on one main surface of the transparent plate (contact
glass 27 1n the present embodiment) 1s equal to or greater than
the second predetermined density D2. The fourth determina-
tion 1s to determine whether or not an absolute value of the
difference between the position having the maximum density
in the first or second 1mages and the position having the
maximum density in the third image 1s equal to or smaller
than the second predetermined range W2. The fifth determai-
nation 1s to determine whether or not an absolute value of the
difference between the maximum density in the first or sec-
ond image and the maximum density in the third image 1s
equal to or smaller than the third predetermined density D3.

For example, the present invention can be applied to the
abnormality determination method disclosed 1n the Japanese
Unexamined Patent Publication No. 2000-196814 or the
abnormality determining method disclosed 1n the Japanese
Unexamined Patent Publication No. 2000-310820 described
in the Background Art.

Specifically, the present mvention can be applied to the
next first to third abnormality determination methods, and the
reading position setting portion 33 performs the document
reading position setting operation in accordance with the
result of the abnormality determination. In the first abnormal-
ity determiming method, the reference plate 10 positioned so
as to extend 1n the main scanning direction a the document
reading position 1s read out before the document S 1s read out.
Then, 1t 1s determined whether or not there 1s an abnormal
image according to whether or not a density which 1s higher
than the predetermined density i1s included in the image
obtained by reading out the reference plate 10. Then, 1n accor-
dance with the result of the abnormality determination, the
reading position setting portion 33 performs the document
reading position setting operation.

In the second abnormality determining method, at first, the
document S 1s read out, and 1t 1s determined whether or not
there included 1n the final line of the document S an 1mage
which 1s within the predetermined range and having a density
equal to or greater than the predetermined density. Secondly,
when the 1image 1s included according to this determination,
the reference plate 10 1s read out to determine whether or not
it 1s an 1mage of the document S or an abnormal 1mage. Then,
it 1s determined whether or not an 1image of the reference plate
10 at the position of the 1image has a density which 1s equal to
or greater than the predetermined density. Thirdly, when the
image has a density which 1s equal to or greater than the
predetermined density according to this determination, 1t 1s
determined whether or not an average density of images on
both sides of the above position 1s equal to or greater than the
predetermined density. When it is determined that the average
density 1s equal to or greater than the predetermined density,
it 1s determined that the 1image 1s an abnormal image. Then,
the reading position setting portion 33 performs the document
reading position setting operation in accordance with the
result of the abnormality determination.

In the third abnormality determining method, at first, the
document S 1s read out to determine whether or not the dii-
ference between the maximum density position in the first
line of the document S and the maximum density position 1n
the final line of the document S 1s within the predetermined
range. Secondly, when the difference 1s within the predeter-
mined range according to the determination, 1t 1s determined
whether or not the maximum density in the final line 1s equal
to or greater than the predetermined density. Thirdly, when
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the maximum density 1s equal to or greater than the predeter-
mined density according to the determination, the reference
plate 10 1s read out to determine whether 1t 1s an 1image of the
document S 1mage or an abnormal 1image. Then, 1t 1s deter-
mined whether or not the maximum density of the reference
plate 10 1s equal to or greater than the predetermined density.
Fourthly, when the maximum density 1s equal to or greater
than the predetermined density according to the determina-
tion, 1t 1s determined whether or not the difference between
the maximum density position in the final line read out in the
first determination and the maximum density position of the
reference plate 10 1s within the predetermined range. When it
1s determined that the difference 1s within the predetermined
range, 1t 1s determined that there 1s an abnormal 1mage at the
maximum density position. Then, the reading position setting
portion 33 performs the document reading position setting
operation 1n accordance with the result of the abnormality
determination.

Also with the first to third abnormality determining meth-
ods, guidance 1s appropriately displayed to a user since the
home position HP 1s moved as described above 1n the display-
ing of guidance.

Then, 1n the above-described embodiment, reference data
corresponding to the respective positions A0 to A3 of the
document reading position P are calculated in advance and
stored 1n the reference data storing portion 36. However, the
moving distance and the reading start timing of a document
may be calculated with a predetermined formula when a
document reading position P 1s moved. Alternatively, a desir-
able position may be selected randomly.

Further, 1n the above-described embodiment, the program
executed by the controller 3 can be supplied via a recording
medium such as a ROM or a CD-ROM, or can be supplied
through a transfer medium such as a network. The transier
medium 1s not limited to a wired transter medium but may be
a wireless transfer medium. Further, the transter medium
includes not only a communication path but also a relaying
device for relaying communication path such as a router.

When the program 1s supplied through a ROM, the ROM
storing the program 1s mounted to the controller 3 so that the
controller 3 can execute the same. When the program 1is
supplied through a CDD-ROM, the program can be executed by
the controller 3 by connecting a CD-ROM reading device and
temporarily storing the program in an HDD. Further, when
the program 1s supplied through a transfer medium, the con-
troller 3 can execute the program by temporarily storing the
program recerved via network to an HDD.

The present specification discloses various inventions as
described above. Hereinatter, main inventions are described.

An 1mage reading device according to the first aspect reads
out an 1mage of a document being conveyed above one main
surface of a transparent plate 1n a sub-scanning direction from
the other main surface of the transparent plate by emitting,
light rays from a light source and receiving light rays retlected
from the document, changes a document reading position
along the sub-scanming direction if an 1mage obtained by
reading the document has an abnormality, and gives a warn-
ing 1f the changed document reading position 1s located at a
predetermined reference position. The image reading device
includes a setting portion for changing the reference position
in accordance with the number of documents having passed
the document reading position during the time when no
abnormality 1s 1n 1images obtained by reading the documents.
Further, a method for reading an 1image of a document accord-
ing to the second aspect includes reading an i1mage of a
document being conveyed above one main surface of a trans-
parent plate in a sub-scanning direction from the other main
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surface of the transparent plate by emitting light rays from a
light source and recerving light rays reflected from the docu-
ment, changing a document reading position along the sub-
scanning direction 1f an 1mage obtained by reading the docu-
ment have an abnormality, and giving a warning if the
changed document reading position 1s located at a predeter-
mined reference position. The reference position 1s changed
in accordance with the number of documents having passed

the document reading position during the time when no
abnormality 1s in the 1mages obtained by reading the docu-
ments.

According to such arrangement, the setting portion
changes the reference position for determining whether or not
a warning 1s given 1n accordance with the number of docu-
ments having passed the document reading position during
the time when no abnormality 1s 1n 1images obtained by read-
ing the documents. Accordingly, an appropriate warning can
be given to a user.

With regard to the above-described image reading, the
setting portion sets a present document reading position as the
reference position when the number of documents having
been read from one warning to next warming 1s less than a first
predetermined number, and the number of documents having
passed the present document reading position reaches a sec-
ond predetermined number, and when the number of docu-
ments having been read from the one warning to the next
warning 1s not less than the first predetermined number and
the number of documents having passed the present docu-
ment reading position reaches a third predetermined number
different from the second predetermined number.

Paper powders causing an abnormal image are normally
increased in accordance with the number of documents
passed a reading position of a document. Therefore, depend-
ing upon the number of documents passed through a reading
position ol adocument, the amount ol paper powders 1s small.
Accordingly, there are relatively many cases where a linear
abnormal 1mage 1s not generated 1n an 1mage even when 1t 1s
determined that there 1s an abnormal 1mage in an 1mage.
According to such arrangement, when the number of docu-
ments having passed from one warning to next warning 1s less
than a the first predetermined number, and the number of
documents having passed the predetermined document read-
ing position reaches the second predetermined number, a
present document reading position 1s set as the reference
position. When the number of documents having been read
from the one warning to the next warning 1s not less than the
first predetermined number and the number of documents
having passed the present document reading position reaches
a third predetermined number different from the second pre-
determined number, a present document reading position 1s
set as the reference position. Therefore, when the amount of
paper powders 1s 1n a range where the number of documents
1s less than the first predetermined number considered to have
a relatively small amount, and the number of documents
passed a present document reading position 1s the second
predetermined number, the present document reading posi-
tion 1s set as the reference position. Accordingly, irrelevant
warning 1s suppressed so that an appropriate warning to a user
1s made possible. Further, when the number of documents 1s
not less than the first predetermined number, and the number
of documents having passed the present document reading
position reaches the number different from the second prede-
termined number, such as the third predetermined number
greater than the second predetermined number, the present
document reading position is set as the reference position.
Accordingly, irrelevant warning 1s suppressed, and a neces-
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sary warning in accordance with increase 1n paper powders 1s
performed. Accordingly, an appropriate warning to a user 1s
made possible.

Further, with regard to the above-described 1mage read-
ings, a warning 1s given when the number of documents
having been read from the one warning reaches a fourth
predetermined number greater than the first predetermined
number.

When documents passes a document reading position fur-
ther beyond the first predetermined number, paper powders
increase. According to such arrangement, when the number
of documents passed through the document reading position
1s greater than the fourth predetermined number, a warning 1s
given. Accordingly, to urge removal of paper powders, an
appropriate warning to a user 1s made possible.

This application 1s based on Japanese Patent application
serial No. 2006-198979 filed 1n Japan Patent Office on Jul. 21,
2006, the contents of which are hereby incorporated by ret-
erence.

Although the present invention has been fully described by
way ol example with reference to the accompanying draw-
ings, 1t 1s to be understood that various changes and modifi-
cations will be apparent to those skilled in the art. Therefore,
unless otherwise such changes and modifications depart from
the scope of the present invention hereinafter defined, they
should be construed as being included therein.

What 1s claimed 1s:

1. An 1image reading device which reads out an 1mage of a
document being conveyed above one main surface of a trans-
parent plate in a sub-scanning direction from the other main
surface of the transparent plate by emitting light rays from a
light source and recerving light rays retlected from the docu-
ment, changes a document reading position along the sub-
scanning direction 1f an 1mage obtained by reading the docu-
ment has an abnormality, and gives a warning i the changed
document reading position 1s located at a predetermined ret-
erence position, the image reading device comprising;
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a setting portion for changing the reference position 1n
accordance with the number of documents having
passed the document reading position during the time
when no abnormality 1s 1n 1mages obtained by reading
the documents.

2. The image reading device according to claim 1, wherein
the setting portion sets a present document reading position as
the reference position when the number of documents having
been read from one warning to next warning 1s less than a first
predetermined number, and the number of documents having
passed the present document reading position reaches a sec-
ond predetermined number, and when the number of docu-
ments having been read from the one warning to the next
warning 1s not less than the first predetermined number and
the number of documents having passed the present docu-
ment reading position reaches a third predetermined number
different from the second predetermined number.

3. The image reading device according to claim 2, wherein
a further warning 1s given when the number of documents
having been read from the one warning reaches a fourth
predetermined number greater than the first predetermined
number.

4. A method for reading an image of a document, compris-
ing reading an 1image of a document being conveyed above
one main surface of a transparent plate 1n a sub-scanning
direction from the other main surface of the transparent plate
by emitting light rays from a light source and receiving light
rays retlected from the document, changing a document read-
ing position along the sub-scanning direction if an 1mage
obtained by reading the document have an abnormality, and
grving a warning 1 the changed document reading position 1s
located at a predetermined reference position,

wherein the reference position 1s changed 1n accordance
with the number of documents having passed the docu-
ment reading position during the time when no abnor-
mality 1s 1n the 1mages obtained by reading the docu-
ments.
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